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This thesis details the year-long Senior Design process in which our goal was to create a 
human powered vehicle that could be a short-distance replacement for cars. Our team designed 
our vehicle to be entered in the ASME Human Powered Vehicle Competition in April of 2016. 
Our vehicle featured a seat that could be adjusted for users of different heights, making it more 
comfortable to ride. This report will describe the process and design choices that were made 
throughout the year in order to create a vehicle. Our frame was welded using Chavez Welding, 
and the welding created some complications with our frame and adjustable seat, which will be 
talked about later in the document. Solutions and improvements for our vehicle will be 
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Chapter 1 Introduction 
1.1 Background Information 
The planet is currently undergoing massive changes in climate that, if not dealt with responsibly, 
could doom most life on Earth, most importantly humans. This climate change is caused by 
human factors, most importantly increasing the carbon dioxide content of our atmosphere. It is 
our responsibility to develop technology that will reduce the effect of carbon pollution, and 
prevent more carbon pollution from developing. We plan to do this by targeting cars. 
 
Cars are one of the greatest sources of carbon pollution in the world. However, they are also 
necessary for many people to live their lives, as they need to drive to and from work and run 
errands. What is interesting is that the place that cars waste the most energy and, as such, 
pollute the planet while doing nothing of value, is during trips to just run some errands. A person 
using a small car produces around 259 grams of greenhouse gases for one kilometer travelled, 
while it would be 316 grams in a mid-size car, and 460 grams in a big car (Clean Air Trust). If 
people were to reduce their car usage for these trips specifically it would reduce the carbon 
footprint a great deal. We plan to create a vehicle that will replace cars for those short trips. 
 
This vehicle, Gazelle, is a human powered vehicle or HPV. It is completely mechanically 
powered and provides similar utility to a car for short distance shopping trips. The vehicle was 
designed with a focus on improving the comfort of the rider compared to other models of human 
powered vehicle. Finally, we entered our vehicle in the American Society of Mechanical 
Engineers (ASME) Human Powered Vehicle Challenge and in order to test its performance 
against other college student constructed vehicles. For this competition we focused our design 
on the endurance event specifically. However, as a result of problems we will discuss later we 
were unable to enter our vehicle in the competition. 
1.2 Review of Literature 
The article, "Structure Properties Of A Frame For Human Powered Vehicles," discusses the 
methodology of developing the frame of a human powered vehicle.  In order to create the 
structure of the frame and elements/materials required to build it, Alexandru-Radu and Dan 
Maniu conducted static and modal analysis using ABAQUS software. Moreover, they made use 
of the computer aided design software called CATIA v5 to design the frame’s model and cater to 
the ergonomics part of their research. After acquiring the results from their analysis, the material 
they chose to build the frame was steel because it can handle a larger weight with smaller 
deformation (Alexandru-Radu). 
 
Like our proposed design, this design uses the three wheeled configuration, with two wheels at 
the front which is an excellent option. We consider it an excellent option because this 
configuration allows for a lower center of gravity, better braking, easier steering, and higher 
safety and stability. This article describes the procedures of the analyses conducted in a  
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detailed, and step-by-step manner which makes it an incredibly helpful source. The provision of 
pictures to support the content makes it easier for anyone to understand and replicate the 
procedures without much difficulty. Moreover, there are not many sources that demonstrate 
finite element analysis as clearly as this one. The analyses that Alexandru-Radu and Dan Maniu 
conducted, which allowed them to determine the best material and shape for the vehicle’s 
frame, are very useful for our team’s frame design. Therefore, when we need to decide on our 
frame material and shape, we could conduct similar analyses to pick the best option. 
 
In the article, "Vibration Properties Of Frame For Human Powered Vehicles," Dan Maniu and 
Alexandru Radu explore various methods to make driving a human powered vehicle more 
comfortable for the rider. Their primary aim is to find out the impact of vibrations caused by 
different mechanisms into the vehicle’s frame. In order to achieve their goals, they first 
developed two planetary drive mechanisms and conducted an experiment to measure the 
vibrations these mechanisms translated to the frame. The results of the experiment indicate that 
the mechanisms created frequencies ranging between 40 Hz and 70 Hz. The results also show 
that the frame is resistant to very high frequency vibrations.  
 
The experiment conducted is explained thoroughly with the help of pictures and quantifiable 
data. It should be noted that the vehicle that the authors use for their experiment did not contain 
any shock absorbing capabilities. Therefore, the vibrations would pass through the frame to the 
rider because of direct contact. This is a good concept because the true vibrations felt by the 
rider could be tested, and methods to reduce them could be analyzed after acquiring the results. 
The only limitation we found is that the vehicle was tested in a lab setting instead of the outside 
environment where the vehicle would be used. When we conducted market research, we found 
out that the most important thing that our potential customers are looking for in a human 
powered vehicle is comfort. Therefore, the article comes in handy as a reference because we 
will have to conduct a similar experiment to find out the vibrations experienced by the rider (A. 
R. Dan Maniu). 
  
The article, "Analysis Based Optimization Of Human Powered Vehicle Body," begins with an 
introduction to human powered vehicles, and their potential benefits for society. Dan Maniu and 
Alexandru Radu provide some background information on the technologies used in the 
construction of bicycles and other vehicles. The authors then focus on the issue of having a 
protective covering for the operator of the vehicle to protect the rider from environmental 
hazards. Adding a protective covering would add more weight on the vehicle, and thus decrease 
performance. The article then goes into an analysis of an aerodynamic design for a pre-built 
human powered vehicle. In the summary of the results, the authors stated the results of the 
three designs they tested. After providing the optimized design, the authors introduce aspects of 
the design that need to be addressed, such as the weight of the body (A. R. Dan Maniu). 
  
The article seems to draw the conclusion that the most streamlined body is the best option for a 
body cover in a recumbent human powered vehicle. Unfortunately, the article appears to have a 
bias towards the optimized design. The article only seems to compare the optimized design of 
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the body to a non-optimized version. Other potential designs are not considered or even 
suggested.  
 
The authors do appear to have some authority in this area, as they are able to provide a 
relatively detailed explanation of their results, and what the results mean. Unfortunately, the 
amount of information pertaining to the test and results is limited.  The amount of information 
provided suggests that they simply performed a few tests on one design until it was optimized, 
and compared it to the most basic version of that same design.  The lack of information makes it 
probable that the reader will miss the information if they are skimming the article, and could 
ultimately dismiss it as a useless source. This problem could have been avoided if they added 
more information about the design from their sources rather than just stating the design and 
adding a reference.  Despite the article’s flaws, it is very useful in that it provides a starting point 
for future work to improve in this area. 
  
The senior design thesis, “One-Ride Human Powered Vehicle” reports the results of the 2015 
One Ride Team. In this thesis, the authors, Alex Fisher, Alex Sahyoun, Geoffrey Schmelzer, 
Brendan Taylor, and C.J. Toy, discuss how they designed, analyzed and constructed their 
human powered vehicle. They discussed in detail their design process, their method of thinking, 
and how they approached the process of building the project. The goal of the project was to 
design a human powered vehicle that can be adjusted for people of differing heights.  
 
The vehicle was a two-wheel design, and the group attempted to maximize the speed of the 
bike. Unfortunately, they were unsuccessful in their efforts. They intended to test it by entering 
the ASME HPV competition; however, they were unable to enter the competition because they 
could not meet the safety requirements. The parts that failed the safety requirements related to 
stability. At the time, the design was too unstable at low speeds, and the front wheel could fall 
slightly out of alignment even when the steering wheel was not being moved. The group then 
found solutions to the problems and proposed them in the thesis (Alex Fisher). 
 
The authors of this article were Santa Clara University students, so they did not have expert 
knowledge in the field. The thesis was designed for a wide audience, and this is reflected in how 
the authors wrote it. The authors provide a lot of text information, and wrote it in such a way that 
an audience with limited knowledge of the field can understand it. They also provide enough 
charts and images so that professional engineers can quickly acquire the information they 
desire. In general, the project provides a lot of information, which makes it very useful as a 
reference for future projects. 
 
The senior design report, “Santa Clara University Human Powered Vehicle 2013-2014,” displays 
the analysis and results of the Santa Clara human powered vehicle 2013-2014 team. In this 
thesis, the authors, Peter Chester, Luis Flores, Ian Jones, Ryan Nakamura, Dylan Porter, and 
Peter Stephens, describe their motivation to create a viable alternative to environmentally 
unfriendly cars. The team decided to focus on a tricycle design for the human powered vehicle. 
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 As the analysis of the design progresses, the authors provide equations and explanations for 
their calculations. They then use the results of these calculations to make decisions for their 
design. As the project continued, problems with their initial design arose, such as problems with 
the tilt steering. When the team mentioned a problem, the team explained their solution and 
what they did to fix it. In the example of the tilt steering, they could not redesign the frame to fix 
the problem so they locked the tilt steering and found an alternative method for steering the 
bike. In order to test the bike, they entered the ASME HPV competition. After the competition 
was completed, they listed the results of the competition in which they took 12th place overall 
(Dylan Porter). 
  
The authors of this thesis did a very good job in their presentation. They were clearly following 
their motivation in making a sustainable alternative to cars, and this motivation can clearly be 
seen in some of the explanations for their design choices. In reading their thesis, one can draw 
the conclusion that they were successful in their project. They also provide numerous headers 
to make it easier to find information in certain sections.  
 
In the summary, the authors talked individually about the project and how they felt it went. Some 
of the authors even provided tips for people who take up the project in the future. Unfortunately, 
the thesis also has several flaws. One of these flaws is that they left some questions 
unanswered. For example, when the authors stated that they locked the tilt steering system, 
they do not say what steering system they use in its place. Another flaw was that some of the 
information they put in towards the end of their report was too informal for a professional thesis.  
In the summary of the project, one of the authors wrote a message that says: “Well I must say I 
am surprised you read all the way down to this page. This is a really long thesis. Props to you.”  




1.3 Goals and Objectives 
Our goal was to create a vehicle that can be used for short distances in everyday life that is 
safe, affordable, and completely human powered. We were going to compete in the ASME 
Human Powered Vehicle Competition and focused our design on the endurance portion of the 
competition. We also focused on comfort of the rider and wanted include an adequate amount 
of storage space for the rider to carry things anywhere with ease. This has made our design 
very competitive with other HPVs and cars. We hoped to have a working prototype, however, 
time and budget constraints have made that an unlikely scenario. We do have drawings for 
commercial design that eliminates many of the problems with our prototype, which mostly came 
about as a result of being unable to afford to produce a second prototype or alter our existing 
vehicle to the degree necessary to match a second prototype. Our vehicle, as it stands, can be 
seen in Figure 1 below. 
 
 
Figure 1: Picture of Final version of Gazelle 
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Chapter 2 Project Overview 
2.1 Customer Needs 
For our customer research, three different types of people were looked at. The first is just an 
ordinary person who drives a car. This person was looked at to potentially switch from the car 
he has now, to the human powered vehicle. The second person that was examined was a bike 
enthusiast. This person could be someone who just enjoys riding bikes for fun, as well as 
somebody who rides a bike to work or as a general form of transportation. The third type of 
person that was looked at was someone who currently rides a bike solely for the purpose of 
exercise. 
 
It is hard to see that the human powered vehicle could totally replace a car. The vehicle we 
have designed is just a preliminary prototype that could be made to be faster and bigger, but for 
now, it wouldn’t be possible for it to completely replace a car. The vehicle could be used along 
with the car and in certain situations, which would save some money in the long run. The car 
only customer also touched on the exercise aspect of the vehicle, saying that it could be a good 
form of exercise, as well as something to use while going short distances. 
 
The bike enthusiast who was interviewed seemed to possess a lot of knowledge about bikes. 
He is someone who would prefer riding around in a bike rather than a car. Moreover, he would 
be more likely to make the switch from a car to an HPV like ours if we could get it to go 20 mph, 
which is faster than a 2-wheel bike. He is also a bit skeptical about integrating our vehicle into 
the general transportation system because finding a parking spot could be hard. If parking spots 
aren’t reserved/ created for such vehicles, it might be difficult to get people to make the switch 
from cars. One of his suggestions for our design was that we should get our vehicle to lean 
while turning by having an axle in the middle serving as a pivot point. This axle should be able 
to lock, unlock and assist with tilting. He also stresses that we incorporate features that improve 
the visibility of the rider and suggests building a tandem bike so we could target audience with 
families.     
 
The final customer that we interviewed was someone who uses biking as a form of exercise 
only. It seems in this case that the most valued thing from the customer from an exercise 
perspective is the ability to use the device comfortably.  The most important thing we acquired 
from this is the idea that we need to be sure that the device has a wide range of adjustability. 
The One-Ride Team’s idea of an adjustable frame also seemed to be suggested by the 
customer. It was mentioned in the responses where he said he needed it to be fitted properly so 
he could easily pedal with his legs. 
 
According to the customer surveys that were conducted, it seems like the big thing that 
everybody said was that the vehicle needed to be very comfortable. While maybe this won’t be 
the most important need in our design, it was placed much higher on the list after hearing from 
these people. Obviously, the biggest need is to make a working vehicle that can be ridden for a 
long period of time. Comfort and safety are both very important, because these are things that 
 7 
the customers were skeptical about. While we want to reach a top speed of about 20 mph, this 
is not very high on the list because we are looking at the endurance part of the competition 
rather than the speed. 
 
We developed some basic requirements for our system to use as guidelines and goals 
throughout our project. Although we did not end up competing in the ASME HPV Challenge we 
still aimed to meet these goals. We also set some preliminary performance requirements that 
we are hoping to meet. The most relevant performance measurements can be seen in Table 1 
below. The entire PDS can be seen in the Appendix A. Unfortunately, as will be discussed later, 
we were unable to test the vehicle in the majority of these performance requirements, as we 
deemed it unsafe to ride in its current condition. 
 
Table 1: Important Performance Goals, Datum is the 2012 SCU HPV 
Performance 
Measurements Units Datum Goal Range 
Top Speed Mph 22 mph 30 mph 
Endurance minutes Not available 45 minutes 
Turning Radius Feet 11 feet 5 feet 
Brake Time (15-0 mph) seconds 5 seconds 3 seconds 
Acceleration (0-15 mph) seconds 27.8 seconds 20 seconds 
Max Incline degrees Not available 10-15 degrees 
Weight Capacity pounds 220 lbs 250 lbs or more 
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2.2 System Sketch/Layout of system 
 
Figure 2: System Layout Sketch, includes all main subsystems 
arrows indicate one system causing actions on the other 
 
 
Gazelle’s frame is the central subsystem on which the rest of the design depends, connected to, 
and works with. Figure 1 shows how it connects to everything else. Almost every other 
subsystem is attached to or works with the frame to some degree. Power is transmitted from the 
operator to the power transmission system to the rear wheel. The steering system will be highly 
integrated with the frame, so much so they will be hard to distinguish from one another when 
Gazelle is constructed. The brakes will also be attached to the steering system and act on the 
rear wheel. The front wheels will be directly attached to the steering system. 
 
The adjustable seat and frame both act and react off of the others input, hopefully in such a way 
there is no motion in the seat while the vehicle is in motion. The safety cage is a specific frame 
subsystem that will work to protect the rider, and as such will need to have the same 
adjustability as the frame or cover the rider in a way that the adjustability is not needed. 
 
Users will adjust the seat and steering handles before they start their ride. They will then place 
their feet on the pedals, the key feature of the power transmission system. By turning the 
pedals, the vehicle will move forward, with the back wheel being the source of force that causes 
the motion. The front two wheels will be used to steer the vehicle, the steering handles 
controlling the direction that the wheels will face. Finally, attached to the steering handles are 
the brake grips, which pull a wire that will compress the brakes on the rear wheel and 
decelerate the vehicle. 
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2.3 Functional Analysis 
Our design had four major functions. The first of these functions was to transform human power 
into motion. There are two types of motion which the power needed to be converted to.  One 
was rotation in the steering, and the other was forward momentum.  In order to successfully 
fulfill the sub-function of transforming human power into forward momentum, our design had to 
accelerate from 0 to 15 mph in 20 sec. We attempted to fulfill this function by using a chain drive 
system, which was similar to systems used on a bicycle. Unfortunately, there were some slight 
manufacturing errors that that caused the chain drive system to malfunction and we did not 
have the budget to fix the problems. As a result, we were unsure if our chain drive system would 
successfully fulfill this function if the system had been functioning properly. 
 
The second function that our design had to fulfill was that it had to be able to be used for long 
periods of time. This function could have been divided into two categories. The first of these 
categories was comfort. If the rider was not comfortable, then he or she would not want to use 
the bike for long periods of time. One solution to this issue was to account for the differences in 
people’s height. To fulfill this function, we added an adjustable seat to the vehicle. The second 
way to make our design usable for long periods was to reduce the effects of drag. Drag could 
come from friction on the ground and well as wind resistance. Reducing both types of drag 
forces would make it easier for the rider to travel longer distances without exhausting 
himself/herself. To fulfill this function, we originally considered adding aerodynamic shielding; 
however, due to time and budget constraints, were not able to add the shielding; so we were 
unable to fulfill this part of the function. 
 
The third function that our design needed to fulfill was to protect the rider. There were several 
things our design needed to do in order to protect the rider. The first thing that it had to provide 
was crash protection. If our design could not protect the rider from a crash, then it would not be 
a viable replacement for a car. Our solution to this function had to be able to withstand at least 
600 pounds of force in order to be successful. To accomplish this function, we added a rollover 
protection system, and designed it so that it could withstand a top load of over 600 pounds. The 
bike also had to be able to withstand the rider’s weight. If our design could not withstand the 
rider's weight, then it will collapse and potentially injure the user. We figured that an average 
weight of 300 pounds was a good benchmark for our design. To fulfill this function, we designed 
the adjustable seat so that it would distribute the load over four points of contact and would 
cause less stress on the frame. 
 
There were three other factors that affected the function of protecting the rider. These factors 
were providing rolling support, braking, and stability. We addressed the rollover support by 
adding a rollover protection system to the vehicle and designing it so that it will hit the ground 
before the rider does. We addressed the braking issue by adding disk brakes to the drive wheel. 
Finally, we addressed the issue of stability by designing the vehicle so that it used a tadpole 




2.4 Benchmarking results 
There are several different types of human powered vehicles out there including traditional and 
recumbent style bikes. While traditional bikes are more popular, as people feel comfortable 
riding them around, recumbent bikes have better aerodynamics and are easier on the rider. 
They are also better competitors to cars because of being lower to the ground, more 
comfortable and having lower chances of tipping over when braking. We decided to go with a 
recumbent design because it is requirement for the ASME competition, and it aligns closely with 
our goal of building a vehicle that could potentially be able to replace cars.  
 
Human powered vehicles range from having one, two, three or four wheels and there are pros 
and cons to choosing any of these options. While the two-wheel design can reach higher 
speeds, it can’t stand up or provide balance and stability on its own. Three wheeled bikes are 
more stable, can stand on their own, handle more weight, and provide better safety and rolling 
resistance. The only issue with this option is that it would be harder to reach higher speeds. 
Finally, very similar to a car is a bike with four wheels that has the ability to hold more weight 
and provide more room for comfort. However, we chose to go with a bike with three wheels 
because it is lighter and doesn’t take up as much space as one with four wheels.  
 
After deciding on three wheels, the next step was to choose between tadpole and delta design. 
There are several vehicles out in the market that incorporate either of the designs because of 
their unique traits. The tadpole has two wheels in the front and one in the back which makes it 
easier to design in regards to steering and has better braking and lower center of gravity. Delta 
on the other hand, has two wheels in the back and one in the front. The design of delta makes it 
easier for the rider to get on and off compared to the tadpole but increases the chances of 
rolling in comparison to tadpole and is also worse at braking. Therefore, we decided to go with 
the tadpole design for our vehicle.  
 
Even though there are a myriad number and type of HPVs in the market, what makes our 
vehicle different is the comfort of the rider. Unlike several HPVs, ours will include a very 
comfortable adjustable seat so literally anyone could easily ride our vehicle. The second very 
unique aspect of our vehicle is that it is going to include a storage space of around one cubic 
foot for the rider to carry heavy things while making a short trip.  
2.5 Key system level issues 
There are a few main subsystems that we needed to explore and these are the frame, steering, 
braking, gear train, and seat among others. For the wheel configuration, we decided to go with a 
three wheeled design, with two wheels in the front and one in the back. We looked into four 
wheels as well as just two wheels, but we decided against four because we didn’t think that we 
needed four wheels to be stable. This would also cut down on weight if we used less than four 
wheels. The two-wheel design was looked at but we decided against it because it could be 
difficult to ride in the recumbent position, especially for beginners. We decided to go with the 
two wheels in the front because we thought that the steering system would be more comfortable 
to the rider, while providing a good amount of stability.  
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For the frame, there were a few different options that we looked into. We wanted a frame that fit 
our three-wheel design, while being lightweight and strong. We looked at some other designs 
for recumbent trikes and decided on a frame that will be strong as well as provide some room 
for storage, which is something that we wanted to do from the beginning of the design process.  
 
The steering system was the other part of our design that we had a bit of trouble figuring out. 
Because there are two wheels in the front of the vehicle, it makes it a bit trickier to steer. We 
thought about using the back wheel for steering, but decided against it because it would be very 
uncomfortable for the rider, as most people are familiar with front wheel steering. We decided to 
use handles on the side of the driver, and as you push one of them forward and pull the other 
back, the vehicle will turn one way or the other. This is a nice design because we can attach our 
brakes to the handles, making it easier for the rider.  
2.6 Team and project management  
2.6.1 Challenges and Constraints 
There were many challenges that we faced throughout this process. We were challenged with 
deciding on many different aspects of the design and how we were going to approach building 
this vehicle. We dealt with all problems in the same way, by discussing the pros and cons of 
each design with the entire team until we come to a conclusion. The problems and issues that 
we faced throughout the process will be detailed later on in the report.  
2.6.2 Budget 
When it comes to the budget for our project, we looked at a few different places for sources of 
funding. We submitted our proposal to the Santa Clara School of Engineering, which we 
received $2000 from. We presented at the ASME Student Venture Capital Night, but were 
rejected. We looked for another $2000, but were unable to find the rest of the money needed for 




Table 2: Budget for Gazelle Prototype 
Items Income Expenses 
SCU	School	of	Engineering $2000	  
Other	Sources $2000  
Materials	Cost  $1500 
Manufacturing  $1800 
Assembly  $300 
Other/Travel  $400 
Total $4000 $4000 
 
2.6.3 Timeline 
The timeline for our project can be seen in Figure 3. This timeline changed a little bit as we 
moved along with the project. As you can see, this timeline does not include the ASME Human 
Powered Vehicle Competition, as we did not compete in it. The manufacturing and assembly 
took a bit longer than we had planned, so this was made longer on the timeline. Refer to the 
Gantt chart in the Appendix D for a complete timeline of our project. 
 
 




2.6.4 Design Process 
Our approach to the design process was fairly simple. We looked at previous designs that have 
been used for the competition, as well as other competitors out there on the market to come up 
with ideas for our vehicle. We brainstormed ideas with the entire group for each subsystem, 
keeping in mind the requirements set by ASME for the competition as well as our own 
performance requirements. The design process is an iterative process, and we knew from the 
beginning that our initial designs might not work out exactly like we had planned.  
2.6.5 Risks and Mitigations 
There are a few different risks that we needed to make sure that we looked out for. The first risk 
was during the manufacturing phase. We needed to make sure that we were always following 
the safety protocol that was given by the Santa Clara University Machine Shop. We made sure 
to follow these rules at all times, as well as use common sense when working with our vehicle. 
The second risk that could have come up was when we were actually going to test the vehicle. 
Although we didn’t end up testing the vehicle, safety measures were put in place to make sure 
that we were safe the entire time. We would have talked to campus safety, as well as use all 
precautions such as a helmet and seatbelt at all times while riding the vehicle.  
2.6.6 Team Management 
Our approach from the beginning has been very team oriented, and we try to split up the work 
evenly amongst the group. For our group, we have been splitting up individual work and then 
coming together filling each other in on our individual work. This worked very well for us as we 
all have busy schedules, and it is easy to work on our own and then come together in our 
meetings to discuss our findings or new ideas. Everyone has been doing his/her part so far and 
there have been no major issues besides some scheduling conflicts that will hopefully get better 
next quarter. We have been consistently meeting outside of class times twice a week, usually 
on Sundays and either Tuesday or Thursday. This works well for us as the Sunday meeting we 
can go over anything needed from the past week, as well as get ourselves organized for the 
coming week.  
 
This aspect of our design process became a little bit of an issue early on in our project. We 
didn’t have the best communication in the Fall Quarter and that ended up costing us some time. 
This ended up putting us a little bit behind, and was one of the reasons that we were unable to 
make the deadline for the competition.  
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Chapter 3 Frame 
3.1 Overview and Requirements 
When we started looking at possible frame designs for our vehicle, we wanted something that 
was light and able to withstand the stresses put on it by the rider during use. A goal for our 
vehicle was to have a good amount of storage space, so this was also considered when 
designing the frame. We also implemented an adjustable seat, so we needed to have an 
attachment to the frame that would act as rails in which the seat could slide forward and 
backwards. The frame also needed a rollover protection system that net the guidelines specified 
by the ASME competition rules, the specifics of which will be discussed later. Another notable 
requirement of the frame was the weight, as the vehicle was aiming to be less than 50 lb, we 
had to design the frame in a way that optimized the strength to weight ratio. Finally, we did not 
want the frame to be excessively expensive and attempted to optimize the raw material cost of 
the vehicle. 
 
We were ultimately restricted in our options by the tadpole design of our vehicle. This meant 
that we would need to have one wheel in the back and two in front. The need for attachment 
points for the other subsystems, and those subsystems spacing needs ultimately drove the 
design. However, the most important driver of the specific size of any one part of the frame was 
the size of the user. This was especially important in designing how the adjustable seat would 
move on the frame end. Many choices involving the mid-section of the bike were driven by how 
the adjustable seat would move. 
3.1.1 Options and Decisions 
After establishing all of criteria listed above, we went through several iterations of designing the 
vehicle. The first phase was to determine the overall look of the frame. Three models were 
initially considered, the sketches of which can be seen in Appendix C, the differentiating 
characteristic being the shape. One was essentially a beam, the second a triangular shape and 
the final a square. We also considered hybrid designs, fusing the beam design with a triangular 
rear end. While the beam was ultimately not used the idea of a triangular rear end persisted and 
remained a part of the shape design. 
 
Our decision for what shape the overall design should take is summarized in our Decision 
Matrices in Appendix B. It can be summarized our decision to ultimately split the frame into 
three subsections, the back middle and front. The overall result can be seen in our mock-up 
shown in Figure 4 below, although the back was altered so the triangle was the reverse 
direction of the one shown below. Doing this allowed for several advantages to this design, it 
allowed us to modulate the design of the Rollover Protection system, the back wheel 
attachments, the adjustable seat, the steering attachments and the pedals. Basically, no one 
person had to worry about interfering with the design of the other parts when designing the 
other parts, as long as they were left in the correct locations. This did ultimately cause some 




Figure 4: Mock-Up of Frame Design Without Rollover Cage: Dec 2015 
We also had to decide on a material for the bike and starting from a number of options, 
consisting of different varieties of steels and aluminums, we chose T6061 Aluminum. This was 
the result of it offering both a strong strength to weight ratio and it was relatively inexpensive 
and easy to get a hold of, coming in a variety of the structural styles that we needed for our 
design. 
3.2 Detailed Design 
After we decided what material would be used for the frame, we were able to proceed with a 
more detailed design process, as we were able to more accurately gauge the expense of the 
materials we would be using for each part. As a result of both weight and expense 
considerations, it was decided to use tubes, rather than solid beams. This also improved some 
strength characteristics. It is worth noting that while the detailed design process was going on, 
this was to dictate the needs of the system for it to function and stress analysis was saved for 
the ultimate decision on what size of the pipe we were going to use. On that note, different types 
of tubes were used for different sections, round tubes in the front, to increase ease of 
calculation of torsional effects, and square tubes in the middle and rear sections because of the 
adjustable seat. Figure 5 below shows a version of the frame before some of our final 




Figure 5: Frame before final adjustments were made 
 
A number of the specific dimensions for the size of the vehicle were based on measurements 
that we took of ourselves, mainly in regards to the location and size of the middle section 
relative to the location of the pedals. The size of the wheels also played a role in the length and 
width of the vehicle, as a means to avoid interference between the wheels and the frame. The 
Rollover cage was even considered in these analyses, with the height of cage being determined 
based on the assumed height of the tallest rider in the vehicle. 
 
The back end of the vehicle, specifically the back wheel attachment plates and rollover 
protection system, were heavily influenced by the design drawings of the previous year’s 
Human Powered Vehicle designs. This was for several reasons, we were using many of the 
same bike parts, and as such it was easier and cheaper to reuse their parts and logically if we 
used the parts they used, we should also design our parts to be similar to the parts they used. 
 
On the subject of things influenced by the design used last year, the Rollover Protection System 
that we produced is essentially a smaller version of the system used last year. The exact size of 
the system was dictated discussed later, but the basic idea of a bent tube supported by two 
beams extending from the base was directly influenced by last year’s design. One final note, the 
size of the large square tube that the Rollover Protection System is welded to, had its size 
dictated by the size of the Rollover Protection System tube. 
 
The midsection of the frame was designed with the adjustable seat to interact with. To facilitate 
that distance between the two sections, measured from outside edge to outside edge, is twelve 
inches. We also chose to use square tubing here to take advantage of the flat edges it provides, 
making adjustment easy. Each square tube has two set of five holes used to hold the adjustable 
seat in place. This is because there are five positions at which the seat can rest on the frame. 
We used two rails in this manner in hopes that it would reduce problems caused by welding, this 
unfortunately did not work in this case, but more on that in the problems encountered section. 
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Finally, the front section was initially designed so that the pedals were in line with the front tube, 
unlike what is shown in Figure 5. Just before welding the design was adjusted to have elevated 
pedaling. It was also designed so the length of the front tube was twelve inches to the center of 
the pedals, although manufacturing adjustments caused that to not actually be the case. The 
wheel extensions roughly halfway up the front tube were designed to be wide enough that any 
wheel rotation would not interfere with the frame. 
3.3 Basic Stress Analysis 
Some basic structural analyses were used to determine the size of the tubes used throughout 
the design. To determine the size of the midsection tubes, they were treated as a single beam in 
the middle under a variety of appropriate stress conditions. The length of the assumed beam 
was the length between the front and back wheel attachment points on the vehicle. A deflection 
analysis was also performed. The deflection analysis proved more severe and a 1.5” square 
tubes were used for the midsection. A similar analysis was performed for the back section 
 
To reduce the complexity for the front section, a round tube was used, as calculating the 
torsional effects of a square tube is extremely complex and round tubes are also less 
expensive. The beam analysis was continued and the tube was sized with and outer diameter of 
1.5” and an inside diameter of 1”. 
 
The Rollover Protection System was easily the most complex system to perform a rough 
analysis on. The requirements of the system as shown more clearly in Figure 6 below are that 
the system must withstand a roughly 600lb force from above and a 300lb force applied from the 
side at shoulder height. A full description of these requirements is shown in Appendix F. I 
modeled the top as a beam applying the 600lb force in an appropriately angled manner. Using 
this I determined the best strength to weight ratio for the tube. I also made sure the height of the 
side supports was at a location close to, but not directly in line with my assumed shoulder 
position. This proved easy, as the needs of the top load more strongly dictated the geometry 




Figure 6: Excerpt from ASME Human Powered Vehicle Challenge rules showing Rollover Protection 
System requirements 
3.4 Finite Element Analysis 
A Finite Element Analysis of the design was run to give us greater accuracy on the location and 
severity of any stresses within the basic frame system and to ensure that the simplifications 
made were safe assumptions. It was also a good test the Rollover Protection System before it 
was actually constructed. We used the internal SolidWorks Finite Element Analysis program to 
perform our analyses. 
3.4.1 Rollover Protection Analysis 
Two tests roughly modeling the conditions of the requirements were performed on the Rollover 
Protection bar in isolation. It was performed in isolation mostly because SolidWorks gave us 
errors when trying to analyze the whole system. However, that is not a bad thing as that means 
the results shown in these analyses are for more severe cases than would occur on the actual 
vehicle. This also mostly effects the side loading, which would gain significantly more support 




Figure 7: FEA results for side load on RPS (Red1.8E5, Green1.4E3, Blue -1.5E4) 
 
The top load was distributed as shown below in Figure 8 with the results being shown in Figure 
9. Please note for Figure 9 any deformation shown is an exaggeration of the actual results. One 
problem with the analysis used of the top load is that it was modeled such that the force was 
applied from directly overhead, when the ASME requirements, and our own design would have 
that application angle actually be 22°. We determined that this was a safe assumption mostly 
because the system is already isolated, and as such any lateral forces would not be accounted 
for properly regardless because of the geometry. 
 




Figure 9: FEA analysis results for top load on RPS, (Red 8.7E3, Green 4.0E3, Blue -1.7E4) 
The results of these analyses can be summed up by the results in Table 3 below, showing that 
according to this simulation, it meets our passing criteria. As discussed before this does not 
necessarily mean that the RPS is safe as applied in our vehicle, however, I am of the opinion 
that the inaccuracies in the model cause it to show more extreme results than less extreme 
results. Note the stresses analyzed are the triaxial stresses. 40 ksi was used as our max 
allowable stress, as that is the yield point of 6061 Aluminum. 
 
Table 3: FEA analysis results for top load and side load tests 
Test scenario Maximum stress (psi) Deflection (in) 
Passing criteria Under 40,000 Under 1 inch 
RPS side load 1.84E5 0.12 
RPS top load 8.6E4 0.024 
3.4.2 Main Frame Analysis 
The analysis performed on the frame was done to ensure the strength and examine any high 
stress areas that were not easy to accurately calculate using a by hand analysis. Five different 
analyses were performed on the frame, each one examining the stresses applied by the seat 
when it is at different positions on the frame. The load was assumed to be that of a 300lb man 
resting in the seat in a manner such that the load was evenly distributed across the seats four 
points of contact. Thus for each analysis 75lb of force were applied at four locations that 
corresponded roughly with the location the seat would be located at the time. This loading 
situation is shown in Figure 10 below. Important note on the frame model shown in Figure 10, 
this is an earlier model of the frame, but those changes only occurred in at the very front and 




Figure 10: General set up for FEA analysis on the base of the frame 
We will only be looking at the most extreme case for our analysis as it is the one that was most 
relevant to making any design decisions. Figure 11 shows the results of the analysis when the 
seat is in the forward most position which presented us with our most extreme results. It also 
clearly shows the location of highest stress concentration is the wheel attachment points. These 
will be discussed more in the steering section below, but those high stresses at those locations 
passed out analysis in this case as shown in Table 4 below. 20 ksi was used as the maximum 
allowable stress as it is approximately half of the yield point of our material. 
 
 
Figure 11: FEA analysis results on forward most position (Red 1.5E4, Green 1.1E3, Blue -1.7E4) 
 
Table 4: FEA analysis results for worst-case scenario of the frame base 
Test scenario Maximum stress (psi) Deflection (in) 
Passing criteria Under 20,000 Under 1 inch 




Given the problems the attachment points discussed below, I believe that the manner in which 
we distributed the stress on the simulation was flawed. We should have also performed FEA 
analyses where there was a distribution of loads unevenly across different points on the seat to 
more rigorously load test the frame. These wheel attachment points did end up yielding and 
performing this more uneven analysis likely would have made us more concerned about those 
stress locations. 
3.5 Problems Encountered in Build and Revisions 
After getting the vehicle back from Chavez Welding, the people who performed our welding for 
us, we realized a number of problems, both in our design of the vehicle and the manner in which 
manufacturing changes had been made. The most noticeable problem was that due to both 
poor design and some changes made during the manufacturing phase, the location where the 
pedals would be was much way too close to the rider, not allowing them to comfortably pedal at 
even the furthest back location. This meant we had to install an extension to lengthen the 
distance to the pedals. This was also done to reduce rider interference with the front wheel 
extensions, which was another problem with the original position of the pedals. This extension 
of about 6 inches is clearly shown in Figure 12 below.  
 
 
Figure 12: Top view of extension in the front end of the frame 
It was made by placing a smaller tube with and outer diameter equal to the inner diameter of the 
original tube and double bolting it to each end of the extension. Unfortunately, doing the 
extension in the manner that we did it had one serious draw back, it ultimately proved to not 
have a stable position. This is one of many safety concerns with the vehicle that will be 
discussed later on.  
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Another alteration, that would be too costly and would compromise the design of the vehicle in 
its current iteration, is that the Rollover Protection System needs to be roughly 3 inches taller. 
This adjustment was not actually performed on the vehicle as it would compromise the the part 
to perform an extension similar to the one performed on the pedal set, as that part is designed 
to bear such a large load. This unfortunately means that the Rollover Protection System is 
substandard as a rider with a helmet on must be able to safely ride it, and as it stands, that 
another safety requirement was not met because the cage is too short. This change has been 
applied retroactively to our designs, which can be seen in Appendix G. 
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Chapter 4 Steering 
4.1 Overview 
The steering system is an important aspect of the vehicle, and decisions about steering could 
not be made until we Figured out some other key things first. We needed to determine how 
many wheels, the configuration of the wheels, as well as braking. We had a few different ideas 
for how to steer our vehicle. The first steering system that we looked at was a simple lean 
steering. There are many advantages to using lean steering, such as it makes the vehicle’s 
wheels and frame less cluttered. The downside to using lean steering is that it would be 
uncomfortable to ride, as many people are not used to this type of steering.  
 
Another type of steering that we thought about was a simple steering bar in front of the rider, 
and as the bar was turned one way, the wheels would turn at the same time. This design can be 
seen below in Figure 13. The decision matrix for the steering can be found in Figure 41 of 
Appendix B. For the decision matrix purposes, this type of steering is referred to as 
Ackermann’s. While this system scored the highest on the matrix, this was still not entirely the 
system that we decided to use.   
 
 
Figure 13: Sketch of Early Front Handle Steering Design 
 
4.2 Initial Design 
Initially, we decided on a steering system that contains of a handle bar that would be pinned to 
the frame, with the ability to rotate, causing the turning of the wheels. The handle would have 
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rods attached to the wheels, which would turn them. We thought this design would be fairly 
simple to control as well as implement. This design can be seen in Figure 14 below.   
 
 
Figure 14: Initial Steering Design with Handle Bar 
 
4.2.1 Other Initial Options 
Another initial option that we looked at was a push pull type of system with individual handles on 
the sides. As one handle is pushed forward, the other is pushed back, turning both wheels the 
same way at the same time. This way, the wheels would not turn independently, which could 
cause some potential problems. This steering system could still possibly use Ackermann’s 
steering principles, but the main change is the handles on the sides. This would also make the 
vehicle less cluttered in front of the rider, allowing for freedom of leg movement. The brake 
handles can also be attached to the steering handles, making it much easier on the rider.  
 
4.3 Wheel Attachment 
Attaching the wheels to the frame was done using an L-shaped piece that was machined in the 
shop. One face of the L was pinned using a bolt, and the other end went over the wheel axle, 
secured by a nut. This gave the ability to have the wheel attached to the frame via the L-shaped 
part, as well as be able to freely rotate around the pin. This design was chosen because we 
wanted something that could rotate freely, as well as still attach the wheel to the frame. This 
part can be seen in Appendix G, part number S0001. 
 
4.4 Brakes and Derailleur 
The brakes were secured to the frame using zip ties, and this was run along the frame from the 
back wheel to the front left wheel, and then up the handle bar to the end where it was fastened. 
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The derailleur was also attached to the handle bar, but this was on the right side. Zip ties were 
also used to fasten the cord to the frame, keeping it tight to the frame. The brakes and derailleur 
can be seen attached to the final vehicle below in Figure 15. 
 
 
Figure 15: Full Vehicle Showing Brakes and Derailleur 
4.5 Problems Encountered/Adjustments Made 
Our initial steering system did not work how we had expected for a few different reasons. First, 
the handle bar that had been designed was made a little too small, which made it impossible to 
use. Another reason for this problem was that there was a miscommunication about the frame 
lengths between members, caused the frame to parts manufactured incorrectly. After we 
realized that this steering system would not work with our vehicle, we needed to act quickly to 
try to make our vehicle ready for the Design Conference.  
 
The adjustment that we decided to make with was a fairly simple one. A small plate was 
attached to the wheel axle, and holes were drilled in this plate for the handle bar connection. 
The handle bars were rods, one for each wheel, and these were pinned to the plates using 
bolts. This final design can be see below in Figure 17, where the handle bar is bolted to the 
small plate. 
 
Another problem came with the welding done to the pivot points. As you can see in the Figure 
16 below, both small plates deformed because they were not strong enough to withstand all the 
force they were enduring. This was partially a design flaw, but also the welds were not exactly 
parallel, causing this to happen much easier. Because the plates are no longer parallel, the 
wheel connection will not be secure, and will allow the wheel to tip sideways. In the future, we 





Figure 16: Frame Wheel Pivot Deformation 
 
Figure 17: Left Side Wheel and Steering Rod 
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4.6 Future Adjustments 
We have realized that this vehicle is just a prototype, and we knew that there were going to be 
problems faced along the way. In the future, we would make sure that the connections between 
the frame and the L-shape part would be tighter, so that no deformations would happen. This 
would secure the wheels in place so they could only rotate about the pin. Another major 
adjustment that would be made is that the wheels would be connected to each other so that the 
two front wheels would not act independently. This would be done either through the handle 
bars, or the plates that connect to the wheel axle and handles. This would get rid of this 
problem, making the vehicle safe to ride.  
  
 29 
Chapter 5 Adjustable Seat 
5.1 Overview 
An important aspect of our design is the adjustable seat. After conducting the customer needs 
analysis, it was evident that our vehicle’s potential customers regard the rider’s comfort as very 
important. Therefore, we decided to include an adjustable seat to meet our customer needs, 
and make our vehicle highly competitive against other HPVs in the market. 
In terms of the design specifications, we decided to have a total range of 5 inches of 
adjustability with 1 inch increments. We chose these specifications because we felt that it would 
be a realistic range that would accommodate for a wide variety of people, and not compromise 
the structural integrity of the vehicle. The other criteria we used in designing the adjustable seat 
can be seen in appendix A. Since the beginning of the design process, we knew we wanted to 
integrate the adjustable seat so that it could slide along the frame.  An early conceptual drawing 
of the integration with the frame for the seat can be seen in Figure 18. However, this design 
had to be changed when we altered the design for the frame. This design alteration was not the 
first change we made to the adjustable seat system, as we had to go through many design 
iterations and considerations before we came up with the final design.  
 
 
Figure 18: Early Design Drawing for Seat Concept 
5.2 Early design and iterations 
As we designed the adjustable seat, it went through a few iterations because the designs 
needed to be changed to meet the needs of the frame. Whenever the adjustable seat went 
through a conceptual redesign, one of three subsystems was changed. These subsystems were 
the rail guides, the adjustable seat locks, and the design of the back of the seat. 
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5.2.1 Rail Guides 
During the first iterations of the rail guides, we focused on how the rail guides would attach to 
the frame. We came up with two designs, and these designs are shown in Figure 19 and 
Figure 20. 
 
Figure 19: Sketch of the rail guides within frame  
 
 
Figure 20: Sketch of the frame within rail guide 
For the first idea, as seen in Figure 19, the interior of the frame would be hollowed out so that 
the rail guides could slide forward and backwards within the frame. This design would put the 
rail guides in three-point contact with the frame. It would also ensure that the rail guides would 
not fall out of the frame since the rod connecting the two rail guides would be the exact width of 
the space between the two beams of the frame.  
 
The second idea, which is sketched in Figure 20, is almost identical to the one shown in Figure 
19, except the rail guides are on the outside of the frame rather than on the inside. The primary 
advantage that the exterior rail guide design has over the interior design is that the structural 
integrity of the frame itself would not be compromised. In order to get the rail guides on the 
inside of the frame, an entire wall would have to be cut out. This would increase the stresses on 
the bottom wall, and may cause this part of the frame to yield and break. This is not a problem 
when the rail guides are on the outside of the frame. As we continued our progress on the 
project, we realized that both of these ideas would be unusable, as it would make the vehicle 
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extremely difficult to manufacture. The adjustable seat would have to be put in between the 
frame pieces prior to welding. This would increase the difficulty in manufacturing. As a result, we 
decided to scrap both ideas and decided to have the adjustable seat rest on top of the frame.  
This design is shown Figure 21. 
 
 
Figure 21: Sketch of current rail guide design 
There were some concerns about the safety of this design, so we designed the rail guides so 
that the seat would have three points of contact with the frame. In this way, the rail guides could 
not fall off during normal operation. Once this problem was solved, we focused on designing 
how the rail guides would be attached to the adjustable seat. We developed two design ideas 
for the location of where we would connect the rail guides to the base of the seat. The first 
design involved having the base of the seat rest on top of the rail guides, which can be seen in 
Figure 22. The second idea was to have the base of the seat rest inside the rail guides which 






Figure 22: Sketch of bar resting on top of the rail guide 
 
Figure 23: Sketch of bar resting inside the rail guide 
In deciding which one of these two designs was better, we decided to weigh the strengths and 
weaknesses of both of these designs. One of the advantages of having the base of the seat rest 
on top of the rail guides was that the only step needed to assemble these components was to 
weld the rail guides to the seat base. The other advantage was that less material is required to 
make the rail guides. Because the seat base would be resting on the rail guides, the size of the 
rail guides only needs to be large enough to wrap around the base of the frame. This means 
that less time has to be spent on manufacturing the rail guides. 
 
A disadvantage of this design was that the design puts all the stresses on the welds between 
the seat base and the rail guides. In this design, the welds are the only thing connecting the 
seat base to the rail guides, so if the welds fail, then the seat will come off of the vehicle. 
Additionally, the welds are weaker than the material that makes up the rail guides and the seat 
base, so they will be more sensitive to the stresses than either of these components. As a 
result, there is a greater risk of these welds failing during normal operation.  
 
The advantages and disadvantages of having the seat base inside the rail guides is the exact 
opposite of having the seat base rest on top of the rail guides. If the seat base is resting inside 
the rail guides, then the stresses will not only have to overcome the welds, but the sidewalls as 
well. This increases the joint’s resistance to yielding, and makes the seat safer overall. Another 
advantage to this design was that there was more surface area for the manufacturer to weld. 
This would increase the strength of the welds and possibly increase the resistance to different 
types of stresses. The disadvantages of this design are that more material and time is required 
to manufacture these pieces. However, since the safety of the rider was one of our greatest 
goals in designing the vehicle, we decided to put the seat base inside the rail guides as this 
would make the seat much safer during normal operation. 
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5.2.2 Adjustable Seat Locks 
During our first iteration of the adjustable seat locks, we came up with two design choices. The 
first was the lever system shown in Figure 24.  
 
 
Figure 24: Sketch of lever system design 
In this design, the front beam would be pulled up and then a lever system would raise the back 
beam. Once the front bar was released, a tension spring would bring the two beams down into 
the rack, which would then prevent the seat from moving forwards or backwards. The front and 
back bars would be long enough so that both sides can fit into the rack providing four different 
points of contact to distribute the load during normal operation. For the second design, we 
would design a pin system to put through the rail guides and the frame to keep the frame from 
moving. 
 
The first system was proposed because it would provide the rider with the simple and intuitive 
means of unlocking the system. The only thing the rider would have to do is lift the lever and 
then move the seat forward or back with his or her feet. This idea was inspired by a manual 
adjustment system from a car. The simplicity for the rider made this system our most ergonomic 
design as it would allow the rider to adjust the seat to his or her desired preference with minimal 
effort. The simplicity was not the only advantage of this design. 
 
Another advantage that this design offered was a greater range of adjustability without 
compromising safety. In this design, the strength of the locks would be determined by the yield 
strength of the materials, the size of the locking bars, and the thickness of the teeth within the 
rack. As long as the stresses do not exceed the yield strength of the bars or the teeth in the 
rack, the system could be designed to be adjusted in increments less than an inch.  
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Unfortunately, this design had a tremendous disadvantage in manufacturing. The first problem 
was that the design would be extremely complicated and difficult to manufacture. Several 
pieces, such as the teeth in the racks, would have to be made with very tight tolerances and 
clearances in order to prevent the seat from wiggling too much within the locks. However, if the 
tolerances were too tight, then the locking bars would not slide into the racks completely and 
prevent the locking mechanism from functioning properly. Additionally, this design required 
many components to be assembled together, and these components would have to be 
purchased individually. This made the design much more expensive than a simple pin design. 
As a result, we decided to go with a pin design for our first iteration. 
 
For our second iteration, we needed to determine how the pins would be secured into the holes 
so that they would not fall out. While we developed a few designs, the two most promising were 








Figure 26: Adjustable seat lock using pins with wired hook 
The design using pins with hook locks was an obvious first choice after we saw how the One- 
ride team used similar pins as part of the locks for their adjustable seat design. The only steps 
necessary to lock the seat would be to slide the pins through the holes, and then put the hook 
over the ends of the pins. The hook would prevent the pin from sliding out during normal 
operation. The advantage of this design was that it is very simple to implement, and intuitive for 
the rider to use. Additionally, safety concerns about the pins failing could be eliminated by 
adding extra pins for redundancy. The extra pins would help distribute the load and prevent one 
pin from failing.  
 
Unfortunately, this was the least ergonomic design, as the rider would have to get off the vehicle 
to unlock the pins before the seat could be moved.  This would require the user to take more 
time to adjust the seat than other previously considered designs. This problem is further 
exaggerated if there are a large number of pins, as the rider would have to take more time to 
unhook all of the pins individually. The only ergonomic advantage that this design has is that it is 
simple and intuitive for the rider, so the rider would not have to waste time figuring out how to 
unlock and relock the system. 
 
The spring pin lock design was inspired by the locking mechanism used for gym equipment. The 
idea behind this was that the rider pulls out the pins to adjust the seat, and then the springs 
would pull them back into place and prevent them from falling out. The pins on both sides could 
then be connected together so that the rider would only have to pull one pin out to unlock the 




As the project continued we determined that the system would not be viable due to several 
factors. The first problem was that the design would require the purchase of multiple parts, and 
each of these parts would be made out of different materials. This problem would make the 
adjustable seat locks both expensive and difficult to manufacture. The second problem was that 
the part was extremely complex, which not only increase the difficulty in manufacturing, but also 
increases the amount of time it would take to produce the part. By the time we developed this 
design for the project, time was becoming a limited resource, so we could not afford to spend 
time on complex parts that could be accomplished by a simpler design. As a result, we decided 
to use the hook pin design. 
5.2.3 Seat back design 
In order to differentiate our seat design from the design developed by the One-ride team during 
the previous year, we decided to make the seat back so that the rider would be sitting vertically. 
In other words, we originally designed the seat so that the rider would have to sit with his or her 
back straight in order to use the vehicle. After this decision was made, we focused on 
developing a system that would provide support for the seat back. One design for the seat back 
support can be seen in Figure 27. 
 
 
Figure 27: Sketch of a vertical seat with seat back support 
This design was inspired by the One-ride team’s design where they had the top of the seat 
attached to the rollover protection system. Our design had a similar idea. The triangular 
structure would be attached to the rollover protection system to keep it stationary. The two rods 
sticking out of the back of the seat would slide through the slots in the triangular structure. The 
slots and the rods would be pinned together to prevent them from separating during normal 
operation. This design made the adjustable seat less ergonomically efficient as the rider would 
have to unlock and secure extra pins before adjusting the seat; however, this inefficiency was 
outweighed by the extra resistance to stresses that this design provided. This design particularly 
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provided resistance for bending stresses which would appear in situations such as the rider 
flying forward out of the seat.  
 
Unfortunately, there was a flaw in the vertical seat design that we did not anticipate. In our 
design for the frame, the pedals would likely be either above or at an equal level to the base of 
the seat. When we were sitting vertically, we determined that a rider could not bring his or her 
legs above the base of the seat. This fact would make it impossible for the rider's legs to reach 
the pedals.  
 
Once we discovered this flaw, we immediately scrapped any vertical seat back designs, and 
went with a lean back design, which can be seen in the basic frame of our adjustable seat 
shown in Figure 28. We used the One-ride team’s design for the basis of our seat back design. 
In order to ensure that we were not copying the previous year's design, we designed the top of 
our seat so that we could not integrate it with the rollover protection system. Coincidentally, this 
design was more ergonomically viable than our previous conceptual design. What made this 
design more ergonomically viable was that we did not have to deal with extra pins when moving 
the adjustable seat. 
 
 
Figure 28: Frame of the adjustable seat 
5.3 Detailed Descriptions 
Our final design for the adjustable seat looks very similar to the One-ride seat design. The 
curved back of the adjustable seat was covered with wood panels. The wood panels were made 
of pine and were .5 inches thick. These panels are screwed on using 1 1/4 inch long, 10–24 
flathead screws. After the panels were attached to the seat frame, the wood panels were 
covered with foam and fabric, and then the seatbelts were added to the system. The assembled 





Figure 29: Assembled adjustable seat 
The One-ride team used the top bar of their adjustable seat system primarily to secure the seat 
to the rollover protection system. They also used it as a support for the seatbelt as a secondary 
function. While our seat system does not use this top bar to provide support for the seat, we 
decided to keep the top bar as part of our seatbelt system. We secured the seatbelt to the top 
bar, and wrapped the remaining length around the bars so that they would not dangle down and 
drag along the ground. Two flat plates were placed on the end of the top bar so that the 
seatbelts could not slide off accidentally during use. The design can be seen in Figure 30. 
 
 
Figure 30: Top bar of adjustable seat 
The seat base was designed to have two bars extended across the frame, and these two bars 
rest on rail guides on either side of the frame. The rail guides were designed so that they could 
slide forward and backward along the frame. In this way, the driver would be able to slide the 
seat across the frame, in order to adjust the seat into the most comfortable position. Due to 
manufacturing concerns, the rail guides rest on top of the frame. The rail guides were designed 
to have three-point contact so they would not come off during normal operation. To ensure that 
the adjustable seat would not come off during operation, four pins were added as locking 
mechanisms to each rail guide. 
 
As mentioned in the adjustable seat lock section, these pins offered several advantages over 
other designs. The first advantage that these pins offered was redundancy in the system. If one 
of the four pins failed, then our adjustable seat would still be able to function, and not slide 
around on the frame. Additionally, the extra pins distribute the load across all four pins instead 
of just through one or two of them. This means that each of the individual pins would be put 
under less stress than they would be if they were taking the entire load. As a result, the pins are 
less likely to fail. Another advantage is that these pins are easy and intuitive to use. The last 
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advantage that these pins provide is that if one pin is lost or broken, then it is very easy to 
replace. The adjustable seat base can be seen in Figure 31. 
 
 
Figure 31: Adjustable seat base 
5.4 FEA analysis 
One problem with the seat design that we needed to analyze using an FEA analysis was 
determining if there was a need for the seat back support piece. The seat back support piece 
was small and would be difficult to manufacture, but we were unsure if the backseat would be 
able to withstand the forces under normal or worst-case scenario conditions without it. We 
performed the FEA analysis for a worst-case scenario, where a distributed load of 150 pounds 
was applied to the seat back, and the force was moving away from the seat. This setup was to 
symbolize the worst-case scenario where the vehicle would be flipping forwards and the rider 
would be flying out of the seat with the seatbelt trying to keep the rider in the vehicle. We 
assumed 150 pounds of force because we wanted to test the vehicle for a 300 pound rider, and 
we assumed that the rider’s weight would be evenly distributed along the back of the seat. An 





Figure 32: General test set up for the FEA analysis 
This test was performed twice for the seat, one test was performed with the seat back support 
piece, and the other was performed without it. The results are shown visually in Figures 33 and 
34 and the results are shown numerically in Table 5. 
 
 




Figure 34: Results of FEA with the support piece (Red 3.0E4, Green 1.5E4, Blue 3.7E-3) 
 
Table 5: Numerical results of FEA analysis 
test scenario Equivalent stress (psi) Deflection (in) 
Passing criteria Under 40,000 Under 1 inch 
Without the seat back support piece 5.12E5 .004 
With the seat back support piece 3.02E5 .002 
 
 
Originally, we were planning on using both the deflection and the stress as the determining 
factors in deciding whether the seat back support piece was necessary. The stresses go above 
51,000 PSI for the system without the seat back support piece. The frame of the adjustable seat 
is made out of the same material as the frame of the vehicle, which is 6061 – T6 aluminum, 
which has a yield strength of 40,000 PSI. Because the stresses went above the yield point 
without the seat back support piece, the stresses became the determining factor for the 
decision. Because of this we decided to include the seat back support piece. 
5.5 Problems and Revisions 
There were a few problems that were encountered when designing the adjustable seat, and 
revisions had to be made. A few of these revisions were made due to conceptual problems with 
the design. The first revision that came from these conceptual problems was the addition of 
gussets to the adjustable seat design. Originally, torsional forces were not accounted for during 
the design of the adjustable seat. Upon realizing this mistake, gussets were added to the seat in 
order to improve the design’s strength against torsional forces.  
 
The second revision that needed to be made was the adjustment of the size of the rail guide 
system. Originally, the rail guides were designed to slide along 1" x 1" aluminum tubing. 
Unfortunately, 1" x 1" tubing proved to be structurally insufficient in the design of the frame. To 
solve this problem, the frame beams were changed to a larger tube size which was 1.5" x 1.5". 
To accommodate for this change, the adjustable seat rail guides had to be re-dimensioned in 
order to be used on the larger frame.  
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The third revision we had to make was the elimination of the side supports. We heard that One-
ride team had a problem with their seat because they did not include side supports. We 
intended to fix this problem by including side supports on the adjustable seat. During the 
assembly of the vehicle, we discovered two problems that prevented us from adding the 
supports. The first problem was that we did not check how wide the base of the seat needed to 
be in order for a person to fit in the seat comfortably without being squished by the side 
supports. Because of this, we did not get a wood piece long enough to make a wide enough 
seat base. The second problem we discovered was that the side supports would interfere with 
the steering system. If we included the side supports, the seat would be too wide to implement 
the steering system so that it would fit within the roll cage. Part of this problem was due to the 
fact that the roll cage was dimensioned incorrectly, so it was manufactured to a size that was 
smaller than we intended. 
 
As a result, the smaller size of the roll cage provided a constraint on the seat that we could not 
adapt to. If we were to try and include the side supports, then the steering system would have to 
go outside the roll cage in order to avoid interference with the side supports. This would violate 
ASME guidelines, and prevent us from entering the competition. As a result, we decided to 
eliminate the side supports. 
 
In addition to the revisions made to fix the conceptual problems, there were some changes that 
had to be made due to manufacturing errors. One of these revisions involved sawing off one of 




Figure 35: Seat rail guides with revisions made 
This defect was caused by a manufacturing error which was the result of a miscommunication in 
the design details. There was a miscommunication in the length of the connection rods that 
attached the base of the seat to the rail guides. The ends of the rods that made the base of the 
adjustable seat were originally supposed be flush with the ends of the rail guides. The 
connection pieces were cut to be 1 foot long each, which would have made the ends of the 
tubes flush with the rail guides, if the rails on the frame had been the original 1" x 1" tubing. 
Since the tubing for the frame had been changed 1.5” x 1.5" tubing, the connection pieces were 
now too short to be flush with the ends of the rail guides. To fix this problem, we adjusted the 
rail guides so that they would not be flush with the ends of the connection pieces. This change 




Figure 36: Spacing between face of rail guide and base of the seat 
This change unfortunately led to a problem in manufacturing. Because the rail guides were no 
longer flush with the ends of the seat base, it was no longer obvious that the rail guides were 
supposed to be parallel. As a result, one of the rail guides was out of alignment with the others, 
which caused the adjustable seat not to fit on the rails. In order to fix this problem, we had to 
saw off one of the sides of the rail guide that was out of alignment. 
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Chapter 6 Costing Analysis 
In creating Gazelle, we spent more money than we could raise to create the vehicle. While a 
detailed budget can be found in Appendix E, the numbers do not tell the story of how our 
budget came about as it did. Near the beginning of our project the School of Engineering agreed 
to fund us for $2000. We continued to seek funding after this from an ASME Venture Capital 
Competition, The Markkula Center for Applied Ethics and various outside sources. However, all 
of them were unwilling to fund our project. This was extremely concerning, but we proceeded 
with our project operating on the assumption that we would receive more funding later on. 
 
Our first purchase for the project was a large package of raw materials that we machined into a 
number of parts. However, parts of the order were incorrect, we had ordered parts that were the 
wrong size, or were composed of steel rather than aluminum. This was a $350 purchase and 
some of that money had been wasted. After sourcing a new materials source, Gorilla Metals, at 
which we spent roughly another $100 on materials overall. 
 
The budget really became a problem at this point, as we had assumed that it would cost $1500 
for all of our manufacturing and welding and we had yet to over spend. However, the welding 
ended up costing $2000 because of our failure to communicate the financial situation we were 
in. This is also why a number of the changes made later on are so imprecise and unsafe, we 
could no longer afford to purchase anything, we were severely over budget. On top of that we 
had a personal cost of roughly $200 from competition fees for the ASME HPV Challenge. 
Ultimately we had to spend roughly another $150 to create the finalized version of our 
prototype. Table 6 below shows a summarized and more accurate version of the data 
discussed above. 
 
Table 6: Summary of Expenses to create vehicle prototype 
School of Engineering $2000 
Initial Raw Materials Purchase $(346.51) 
Other Raw Materials $(144.34) 
Manufacturing $($1,955.25) 
Assembly Materials Cost $(93.83) 
Competition Entry Fee $(225.51) 




Chapter 7 System Assembly and Results 
7.1 System Assembly and Other Subassemblies 
The assembly process for the vehicle was designed to be fairly straight forward once all the 
parts were completed. However, the resulting manufacturing did not always meet the needs we 
had, as discussed several times above. As we have already noted those changes, we will be 
discussing them here again, there are still some slight change that were made to the design 
during the assembly process. While you can see how the main subsystems were assembled in 
Appendix G below, we must also discuss a number of other systems that do not directly fall into 
any one category. It is the parts related to these systems that we will be discussing in this 
section. 
7.1.1 Back Wheel Assembly 
The most notable alterations to the design occurred in the back wheel assembly, basically the 
place that the brakes and derailleur were hard fastened to the bike. The back wheel plates were 
designed with the necessary spatial considerations in mind, but no planned holes in place, as 
we correctly assumed that some errors would be made during the manufacturing process. For 
both parts it was necessary to add holes to the design to allow for these attachments. These 
holes were placed so they would not be in stress significant locations. The locations drilled can 
be seen clearly in Figures 37 and 38 below. Please note that the disc brakes and derailleur we 
used were inherited from previous year’s projects. 
 
 
Figure 37: Brake assembly location 
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Figure 38: Derailleur Assembly location 
7.1.2 Chain Drive Subsystem 
Using standard bike chains and pedal assemblies, a two stage chain drive is used to provide 
power to the back wheel. The first chain flows from the pedals to a second gear set so the chain 
flows in a way that is safer for the rider to use and creates more power as it increases the power 
the through the gearing equation. This first chain transfer can be seen in Figure 39 below. From 
there the second chain runs under the seat to the back wheel and then through the derailleur as 
shown in Figure 38 above. 
 
 
Figure 39: First chain and the chain transfer 
Unfortunately, the system as implemented has several problems, all of which could easily be 
resolved should a secondary prototype and manufacturing stage be explored. First and most 
importantly, the second chain gear system was added during the assembly phase when it was 
realized there was no way to safely lead the chain through the bike following all the changes 
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made to the pedal set location made during the design phase. As a result, it was not securely 
attached to the bike in the same manner as the rest of the parts of the vehicle and was actually 
attached to the unstable extension piece. This causes the secondary chain to easily derail for 
two reasons, first the unstable position means it tends to jostle around and two the way the part 
is bolted on, there is a very slight misalignment. Both of these problems are prototype specific 
but severe. And make the vehicle unsafe to ride. 
 
There are two other problems with the system as well, gear on the primary chain that is on the 
secondary pedal set is damaged and has a tendency to derail as a result. The reason we used 
this gear is that we did not have the money to purchase a new one and so tried and failed to 
repair it. This once again makes the prototype specifically unsafe to ride. Finally, the secondary 
chain is extremely long, so long it could not be purchased as one chain and is actually several 
chains strung together through master links. Unfortunately, these master links get stuck in the 
derailleur we are using, stalling the bike. This is once again a prototype specific flaw, as our 
plan going forward with this design would be to work with a bicycle company who could provide 
us with the desired length of chain without master links. But it does mean that this prototype is 
basically inoperable as a result.  
7.2 Safety Concerns and Testing 
As documented throughout the systems level chapters a variety of flaws in our design, for this 
prototype specifically, have made us uneasy about testing our vehicle for any road 
characteristics. As a result, no one has actually ridden the vehicle to test any of its road 
capabilities. This means we have no data available on the actual ride characteristics of the 
vehicle such as acceleration, velocity, or turning radius (although from moving the vehicle for 
various showcasing purposes the existing steering system does have a small turning radius, 
however, that is not reflective of how the vehicle would operate under normal conditions). 
 
There was also no strength testing performed, as by the time it came to perform the testing we 
had run out of money and could not purchase the equipment that we needed to perform the 
testing, or locate the existing equipment for the testing. As such we cannot confirm the 
effectiveness of the Rollover Protection System with actual strength test data. 
 
There is however one piece of data we do have concerning the criteria for the vehicle that we 
did meet. That is the weight of the vehicle. By measuring the weight of one of our group 
members using a scale, and then measuring their weight again holding the vehicle, we were 
able to determine the weight of the vehicle was 71.8 lbs. This is much heavier than our original 
planned weight of 50lbs. There are a number of ways that the weight could be reduced in 
subsequent prototyping, but as it stands, we missed our mark when it came to the weight of the 
vehicle. 
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Chapter 8 Business Plan 
8.1 Prototype Cost 
We hope to give our business plan to an existing bicycle company, so as to take advantage of 
their tools to lower the cost of manufacturing as much as possible. They will have access to 
better deals on existing bicycle parts, likely many in house. They will also have access to either 
production equipment or a company who regularly does the manufacturing work for them, and 
these are likely highly optimized. This will also likely give them some geographic advantage as 
they are likely an international company, meaning there is potential for a significantly lower labor 
cost. 
 
Regardless, we would expect each unit to take a month to produce; however, this is with the 
expectation that multiple units are being made in parallel to optimize manufacturing. This is 
broken down into 2 weeks of parts production, one week of welding and one week of assembly. 
This based upon the man-hours that were put into manufacturing the prototype, between us and 
the welder we hired, although our hours are cut roughly in half due to the inefficient nature of the 
prototype manufacturing. In fact, we would not be against changing some parts of the design to 
more easily facilitate manufacturing on this scale. This is a result of the difference in scale of a 
college machine shop and a professional machine shop. There are just some tools that likely 
would have been useful for us that we did not have access to. 
 
Before production begins, we would invest some money in creating an updated prototype that 
more closely meets safety standards. This would have the same production cost as a unit. This 
would be to assure safety and verify the design changes that we have made from the initial 
prototype are valid. It would also be cost saving as the parts made for any jigging made to 
increase the speed of production would most likely be used there. 
 
As we will discuss in more detail later, we believe that it will take roughly $10,000 before 
production is ready to begin in earnest. We would like to have an inventory of 20 units for the 
first month of sales, and increase that inventory by 2 each month, with hopes that sales will 
match those numbers. This production increase will likely cap at 30 per month with the 
equipment and crews that we would expect to be available. Any subsequent expansion would 
have to undergo further financing, which can be discussed after the success of the product has 
been proven. 
8.2 Business Cost and Sell Price 
As stated before, we have developed a prototype, and are using information associated with 
that to evaluate the cost of the product. We would like to preface this by saying that the cost of 
the vehicle will be in the thousands given the labor demands that we experienced; however, the 
cost to produce will vary depending on how long we plan to produce the vehicles. It is also worth 
noting that the labor cost of some of the manufacturing was not accounted for in the production 
of the prototype, nor were some parts costs. The expenses have been adjusted to reflect that. 
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We have also assumed some material optimization as a result of mass production. Similar 
optimization has been considered for manufacturing. Accounting for all of that, we have 
determined that each unit should cost $4,000, conservatively. With the assistance of a large 
corporation in production we believe that the cost could easily be lowered. The exact breakdown 
can be seen in Table 7 below. As discussed above production will cap at 30 units per month, at 
which point we will likely need to further finance expansion. 
 
Table 7: Cost per unit Gazelle breakdown 
Cost Type Cost per unit 





    Variable  
Material and Parts $1,000 
Manufacturing (non personnel) $580 
Total $4,000 
 
This high production cost is one of the reasons the number of units we are aiming to produce is 
so low.  We cannot afford to produce too many units if it appears that we cannot sell them. This 
also will result in a higher price as we must be able to cover the cost. A typical high end 
recumbent tadpole trike can cost anywhere from $1,000- $3,000, however, these vehicles lack 
several features (most notably storage and a rollover protection system) that are included on 
our vehicle and are primarily designed for use as exercise equipment. As such, we think a price 
of $4,750 is reasonable. 
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Chapter 9 Engineering Standards and Realistic Constraints 
9.1 Manufacturability  
Gazelle was designed with the intent of being manufacturing friendly, the majority of the vehicle 
is composed of standard size tubes that are easy to machine down to a reasonable size. 
Admittedly this ease of manufacturing was not reflected in the actual manufacturing of parts for 
this first prototype, as we were unable to take advantage of many mass production techniques 
that would have sped up our machine time. We were also hampered by our own manufacturing 
inexperience, causing us to make unnecessary mistakes. Overall, I believe that our vehicle is 
one that is easy to manufacture the parts for. The only part that needs improve manufacturing 
ease is that of the rail guides, that took an obscene amount of work, time, and wasted a large 
amount of material in the process of making them. 
 
On the welding side of manufacturing, our vehicle was designed so that the welds would be 
easy to weld efficiently and effectively. There was only one location on the vehicle that seemed 
to be poorly designed for welding, the front wheel attachment points on the frame. The welds 
between the two plates are extremely important but also very difficult to actually perform. 
Partially as a result the design failed. Should this design be made moving forward, we would 
recommend examining a more effective of welding the vehicle together.  
9.2 Economic 
Economics play a great role in the ability of this vehicle to perform as a marketable product. 
Because our goal is to have Gazelle replace cars for short distance trips, we designed the 
vehicle to make that replacement seem like a viable economic option for people. We did this by 
adding value to the typical recumbent bicycle, making it more usable in daily life for consumers. 
By doing so we can justify spending more to make a higher quality product. And even at a price 
of $4750 it is still cheaper than the average car.  
 
The other economic constraint on us is our own budget, as discussed earlier in Chapter 6. As 
discussed there, we went significantly over budget and as a result spent a lot of money out of 
pocket to cover the cost. No further prototypes of Gazelle can be made without further financial 
support. 
9.3 Environmental 
The environmental aspect of our design and project is very important. The goal of our project is 
to make a vehicle that can be used instead of a car. This would help the environment 
tremendously. Cars would not need to use gas anymore, making transportation much more 
environmentally friendly. The amount of pollution and fuel waste would decrease, creating a 
cleaner world.  
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For the purposes of our environmental analysis, we made a variety of assumptions about the 
extent to which our product was used, and how it was used. First, we assumed that users rode 
the vehicle on average two to three times a week and exclusively for trips that were within 10 
miles of their homes. We assumed average distance of a ride would be about 5 miles as a 
result. We also assumed that only about 1 in 200 of the vehicles required serious no 
maintenance was made on any parts that we have designed. Any other maintenance was 
assumed to be a result of replacing standard parts. 
  
On a macro scale we have assumed that made a couple of simplifying assumptions, that may 
not accurately reflect reality but do reduce unneeded complexity. For one we are going to 
assume the time value of money is constant over the ten year period about which this analysis 
will take place. We are also going to assume that the cost of power is a constant 19 
cents/kilowatt-hour, as it is unnecessarily complex to account for that minor variation in power 
cost. We are also going to assume that over that ten year period that we sell 250 units a quarter 
for the first 2 years and and double that every quarter for the eight subsequent years. This is 
seen as a bare minimum business quota to maintain operations in my mind. We are also going 
to assume that due to higher volume manufacturing optimization, and final design specs, that 
overall environmental impact is reduced by 75% compared to our prototype design. Finally, we 
are going to assume that the finalized version of the vehicle will be made of 50 lbs of Aluminum. 
We also will not be accounting for the lifetime environmental impact of bike parts that will be 
attached to the vehicle as their product lifetime could significantly differ from that of the parts 
that we have manufactured. 
 
Looking at the comparison between our vehicle and a normal car, it can be seen that making 
and using our vehicle is much more environmentally friendly. Our current prototype is obviously 
not as efficient as cars, but we believe that vehicles in the future can become close to fully 
human powered. For making our vehicle, it takes 40 man hours in the machine shop using both 
the milling machine and the lathe. It is assumed that the power to run the milling machine and 
lathe is about 40,000 Watts, or 40 kW. Based on this assumption, it will cost about 8 dollars per 
hour. We assumed about 75% of those 40 man hours, the machines will be in use. From this, it 
will cost $240 to use the milling machine and lathe. The production cost for aluminum is about 
900 dollars per ton, which equates to about 25 dollars for our 50 pounds of aluminum used. For 
each kg of aluminum produced, there is about 1.5 kg of CO2 that is also produced into the air. 
Aside from these power costs, the vehicle will have no emissions or pollution created during use 
because it is completely human powered. Comparing it to an average car today, our vehicle is 





For our project, we plan on used materials that can be recycled and reused. We also used parts 
from previous vehicles and standard parts in our design, making it easy to replace broken or 
faulty parts if needed. Sustainability is a big part of our design and made sure our vehicle meets 
the sustainability standards that we set, by ensuring that it was environmentally better than cars 
throughout its production process. 
9.5 Health/Safety 
Our vehicle encourages a healthier lifestyle, as it is completely human powered. The upside to 
our recumbent design is that unlike regular bikes, our vehicle will let the rider have a good 
workout while travelling, and provide sufficient comfort at the same time. It is also very important 
to pay considerable attention to making our vehicle as safe as possible for the rider as well as 
others in close proximity to it. Moreover, we planned to participate in the ASME HPV challenge, 
we followed all the safety requirements of the competition which is attached in Appendix G. 
Following are some of the important measures we took to improve safety of our vehicle:   
 
• Follow all safety guidelines provided by ASME 
• Conducted finite element analysis to test our design 
• Designed an excellent roll protection system 
• Called off any testing when it became clear the vehicle was unsafe to ride 




The following analysis will examine in depth major ethical issues related to our project at a team 
& organizational, design, and social level, as shown in Tables 8, 9 and 10 below. 
 
Table 8: Team Organization Level 
Issue Consequences Solution 
Make sure all team 
members put in equal 
amount of effort 
• Frustration of 
teammates who are 
doing their part 
 
• Communicating issues with all 
members is important 
• Divide up work equally and 
make sure everyone does their 
part 
Avoid copying ideas 
from past HPV senior 
design teams 
• Could get in trouble 
with SCU/ ASME/ 
past team/ any 
interested third party  
• Brainstorm innovative ideas  
• Don’t be lazy and use all the 




• This would be a 
nuisance even if it 
was done 
unintentionally 
• Could get 
disqualified from 
ASME competition 
• Make sure to cite all kinds of 
sources and information used  
Avoid conflicts 
between teammates 
and work efficiently 
together 
• Conflicts would lead 
to a lousy project, 
inefficiency, delays 
etc.   
• Communication is very 
important  
• Having a social get-together 
with all the teammates once a 
month could improve 




Table 9: Design Level 
Issue Consequences Solution 
Not being able/ ignoring to 
follow all the safety 
standards due to the 
following: 
• Adding an aesthetic 






• Minor/ major injuries 
of rider or anyone 
nearby and in close 
contact of the vehicle 
• Death  
• Vehicle damage 
• Damage of public 
property including 
roads, buildings etc.  
• Eliminate any design 
features that 
compromise safety 
• Generate innovative 
ideas that improve 
safety and performance 
of vehicle  
Incorporate features for 
safety of the rider and 
durability of vehicle at the 
same time 
• If an adequate 
balance between 
both isn’t achieved, 
getting people to 
switch to our vehicle 
would be difficult  
• Conduct finite element 
analysis to improve 
vehicle’s ability to 
withstand stress with a 
sufficient safety factor  
• Physically test the 
vehicle to substantiate 
the above theoretical 
analysis  
Prevent rolling over of 
vehicle 
• Rolling over could 
potentially damage 
the vehicle 
• Rider could get hurt 
• Include lean design  
• Design an excellent roll 
protection system 
Include full bicycle fairing in 
order to: 
• reduce aerodynamic 
drag of vehicle 
• protect the rider from 
foreign materials 
• Even though 
including a full fairing 
is very essential, it 
could reduce rider 
visibility  
• Include fairing with an 
open cockpit 







Table 10: Social Level 
Issue Consequences Solution 
Society’s 
requirements in an 
HPV include high 
speed, safety, 
endurance, comfort, 
storage space etc. 
• High speed means lower 
endurance and vice versa 
• Strengthening safety could 
rule out some great ideas 
for the other requirements 
• Try to find an appropriate 
balance between speed 
and endurance to satisfy 
local commutes  
• Keep safety as main 
priority and brainstorm 
alternative ideas 
Vehicle should not 
be harmful to the 
environment 
• Not much to worry because 
HPVs in fact help the 
environment by reducing 
usage of fossil fuels and 
pollution 
• Need to be careful with 
using potentially harmful 
materials 
• Use reusable and 
recyclable materials as 
much as possible 
Meet all safety 
requirements of 
ASME competition 
as well as on-road 
regulations in the 
U.S.  
• Not following ASME 
competition rules could get 
our team disqualified 
• We could face legal 
charges or lawsuits by not 
following general safety 
regulations  
• Make sure all rules are 
met 
How safely and 
where our customers 
ride the vehicle is not 
in our control 
• Could potentially cause 
hard to the surroundings 
and other people 
• Customers need to take 
on the ethical 
responsibility by using 
the vehicle safely  
• Provide the customers 
with a list dos and don’ts 











Chapter 10 Summary 
10.1 William’s Reflection 
It would be easy for me to say that this project was unsuccessful and move on with my 
engineering career. However, that is the easy way to look at it and it is also the unproductive 
way. So I am going to take some time here to reflect on what and how this project could have 
been successful. 
 
One of the things that undeniably hurt our project is we were just unlucky in some ways. That is 
not to say that we did not make mistakes, we will get to those, but looking back there we a 
number of incidences where it came down to luck and circumstance. Only two people on our 
team could manufacture parts in Winter Quarter because the other two had not gotten qualified 
in the Fall because of class size issues. And that was compounded by the fact the materials 
delivery took longer than expected and scheduling problems with other courses. I personally 
was burned out machining by the end of that quarter. 
 
I would also argue that an early lack of organization slowed us down in a way that we were 
never able to recover from 100%. We came close, and got better at organization, but that early 
slow down was very critical in the long run. I have definitely learned to organize in the 
beginning, not the middle, of a huge project. 
 
Finally, and I really hate to say this, but I think that this team was the wrong team to work on this 
particular project. We all know how to engineer well, we all know how to make great things, but I 
do not think this project was a good fit with our group and that effected our drive to work on this 
project long term. We chose this project not because we were interested in it, but because we 
needed a senior design project. That lack of interest in the topic at the beginning hurt us long 
term and has shown me that just doing something to meet a requirement is not the mental set a 
successful team can have about a project. 
10.2 Brian’s Reflection 
In reflecting on the project it is obvious that our team had a lot of challenges early on that we 
had to overcome. While we were able to successfully overcome these challenges, we lost a lot 
of time, which made it more difficult for us to finish the project. In reflecting on my experiences 
during the project, I realized that there were a few ways we could have approached the project 
differently that would have allowed us to avoid some of the challenges, or at least would have 
allowed us to solve them faster.  These approaches would have helped us on our project, so I 
would suggest them as pieces of advice for future teams to help them on their project. 
 
The first piece of advice I would give to future teams would be the importance of finding 
someone you have worked with before. Our team formed because we were the only people left 
without a team, and we could not find anyone who would allow us to join their team. As a result, 
we did not know each other very well before we formed a team. This created some problems 
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when we ran into difficulties in the project. Since we did not know each other, we did not 
understand each team member’s preferred learning style, or approach to solving a problem. 
This made problem solving a longer and more tedious process for the team since we had to 
learn each other's limits and capabilities. If each team member had experience working with 
each other, then we would have been able to solve problems faster because we would have 
been familiar with each other’s limits and capabilities which would have allowed us to adapt 
quicker. 
 
The second piece of advice I would give to future teams would be to have at least one team 
member check the progress of the project every so often, and make suggestions for 
improvement if there is a problem. During our first quarter, our team did not manage our work 
effectively. We divided up the work, but we ran our decision-making process through one 
person. We later realized this inefficiency and fix the problem, but we could have fixed the 
problem a lot sooner if we had checked our progress more often. 
 
A third piece of advice I would give future teams would be the importance of effective 
communication. Our team met twice a week on a regular basis. Initially we only communicated 
information about the project during these meetings. When this proved to be inefficient, we 
reorganized our method of communication to increase its efficiency. When our team was able to 
communicate effectively, we were able to make substantial progress on the project, and we 
were able to plan out our assignments so we would be able to get them done. The 
communication even helped when unexpected problems occurred. For example, if one 
teammate was delayed due to a large homework load, then the other teammates would be able 
to plan around this problem by either moving on to a different task, or figuring out a way to 
assist the team member who fell behind. While our progress was slowed by other challenges, 
nothing stopped the progress of our project unless there was a breakdown in communication. 
 
10.3 Werner’s Reflection 
When I reflect back upon the entire year-long Senior Design Process, it is easy to solely look at 
the final result of our project. Yes, we are disappointed that we did not reach our goals of 
building a rideable vehicle that would be entered into the ASME competition. There were some 
issues at the beginning of the year that ended up costing us some time. These issues mostly 
had to do with communication and getting our ideas across to each other. There were also 
some scheduling issues that we had, and we got behind after the first quarter of the process. 
Funding was also an issue, and we ended up not getting enough money to pay for materials, 
welding, and services that we needed for our vehicle. 
 
If you just look at the final product that we created, it would seem like this project was not 
successful. But personally I think that it is completely the opposite. This process has taught me 
so much about the design process, manufacturing, problem solving, team work, communication, 
and technical skills while writing the thesis. I think that when there is adversity and problems 
encountered, that is when you learn the most. It is about how you deal with those situations, not 
 58 
the situations themselves that show how much was learned. The number of hours spent in the 
machine shop taught me a lot about making parts, providing tolerances, and the iterative 
process that comes with a project like this. I think that all of our group can agree that there are 
some things that we wish we did differently, and some things that we would change if we moved 
forward with this project. I learned so much about real world engineering and real world work in 
general through this project, and I think that what we learned is the most valuable thing we can 
take from this Senior Design Project.  
 
10.4 Amulya’s Reflection 
Effective team management is very important when working on a big project like ours. Even 
though we struggled with this in the beginning because we didn’t know each other at all, we 
became stronger as a team towards the end. No matter what differences, it is important to 
determine a common goal and then work towards it together while putting to good use each 
teammate’s strengths. An important thing we struggled with however, was distribution of tasks 
among the team according to each of our strengths. Even though that didn’t turn out exactly as 
planned, we were still able to successfully put together a prototype.  
 
Our prototype still needs a lot more work, but we tried our best and put in as much effort as we 
could towards the end to improve our design. I now am equipped with a lot of essential skills 
including creating parts on SolidWorks, machining parts in the shop, mediating within the team, 
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A-1 
Appendix A: PDS 
Table 11: Table showing PDS and Results, N/A means not measured 
2015 HPVC Santa Clara PDS     
Datum: SCU HPV 2012, Cal Poly HPV 2010     
Performance Measurements Units Datum Goal Range Results 
Top Speed mph 22 mph 20 mph N/A 
Endurance (How long you can comfortably ride) minutes Not available 45 minutes N/A 
Turning Radius feet 11 feet 5 feet N/A 
Brake Time (0-15 mph) seconds 5 seconds 3 seconds N/A 
Acceleration (0-15 mph) seconds 27.8 seconds 20 seconds N/A 








Weight Capacity (how heavy a person can be 
riding this) pounds 220 lbs 
250 lbs or 
more 
N/A 
     
Physical Specs     
Weight pounds 66 lbs Under 50 lbs 71.8 lb 
Length feet 5 feet 4-6 feet 6 feet 
Width feet 2 feet 2-4 feet 2.3 feet 
Height feet 3 feet 3-5 feet 3.5 feet 
Number of Wheels N/A 2-4 wheels 3 wheels 3 
Packing Volume cubic feet 30 cubic feet 
less than 50 
cubic feet 
N/A 
Wheel Size (diameter) inches 20 inches 22 inches 22 inches 
     
Safety     
Clearance from head to top of shield in 4 inches 6-8 inches 0 inches 
Rollover Cage inches Yes Yes Yes 
Reflectors N/A Yes Yes No 
Flag N/A Yes Yes No 
RPS Max Deflection 600 lbs in  0.5 N/A 
     
 
A-2 
     
Adjustable Seat     
Adjustable distance in 5 in 4 in 4 in 
Distance between adjustability in 1 in 1 in 1 in 
Pedal to Hip distance in  20-24 30 
Pedal height above Seat in 1 below seat 5 in 6 in 
Weight lb  15 in N/A 
Seat length in 24 in 24 in 24  in 
Seat height in 24 in 24 in 24 in 
Seat width in 12 in 12 in 12 in 
Max deflection  under 300 lb load in  under 1 N/A 
Stress under 300 lb  psi  under 30000 N/A 
Side supports N/A No Yes No 
     
Economics     
Budget  $5000 $2000 $2,765.44 
 
B-1 













Figure 41: Steering Decision Matrix
 
C-1 









Figure 43: Square Frame Design 
 
 










Figure 46: Sketch of Seesaw Steering System
 
D-1 
Appendix D: Gantt Chart 
 
 
Figure 47: Gantt Chart for Gazelle 
 
E-1 
Appendix E: Budget 
Table 12: Income 
INCOME   
Category Source Committed 
Grant School of Engineering $2,000.00 
 TOTAL $2,000.00 
 
 
Table 13: Expenses Prototype and Expected Manufacturing 
Category Description Spent Actual Cost 
Frame Raw Materials $346.51 $346.51 
 Back Wheel Donated $28.00 
 Gears/Chain/Pedals Donated $321.00 
 Brakes Donated $52.00 
    
Steering Handle Bars $52.17 $52.17 
 Front Wheels x2 $46.30 $92.60 
 
Miscellaneous 
attachments (Material) $43.87 $43.87 
    
Seat Raw Materials (seat) $12.00 $12.00 
 Seat Belt Donated $219.00 
 Seat Fabric $3.47 $3.47 
    
Outside Manufacturing Welding $1,955.25 $1,955.25 
    
Miscellaneous 
New Tire (plus service 
fee) $42.17 $42.17 
 Extra pins and bolts $16.44 $16.44 
 Chain Tool $21.75 $21.75 
    
Competition Entry 
Vehicle entry plus 
member entry $225.51 N/A 
    
 TOTAL $2,765.44  

















































































































































































































































































































































































































































































































































Appendix G: Detailed Drawings 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Design subsystem: Steering Design subsystem: Steering
● Decided on front wheel steering
● Back wheel would be a little 
uncomfortable to use
● Using handles on the side to control 
front two wheels
● Brakes are attached to the handles
Design subsystem: Adjustable seat
● Why an adjustable seat?
● Makes the vehicle usable for people of various heights 
● Design choices
● Rests and slides on the frame
● Secured by 4 pins
● Chose a lean back design for easier pedaling
Adjustable Seat Positions
Design Subsystem: Drive Train Finite Element Analysis
● Rollover Protection System
● Passing criteria: for a top load of 600 lb and side load of 300 lb
● Stress must be under 40 ksi
● Deflection must be under 1 in.
● Frame
● Passing criteria: for a total load of 300 lb





● Encourage a healthier lifestyle
● Followed all safety guidelines provided by ASME
● Physically test the vehicle to substantiate theoretical analysis
● Designed excellent roll protection system
● Followed Machine Shop guidelines when working on vehicle
www.amazon.com
ASME Safety Requirements
● Met rider safety requirements
● Must included rollover protection system and included safety harness
● Vehicle must be free of sharp edges and protrusions
● Meet performance safety requirements
● Brake from 15.5 - 0 mph in 19 ft
● Turn within a 26 ft radius
● Maintain stability at 5 mph over 98 ft www.cedarcliffschools.org
Design Overview
● Recumbent- aerodynamics, tipping over
● Tricycle- stability, safety and rolling resistance 
● Tadpole- braking, center of gravity
● Comfortability- adjustable seat
● Brakes- Disc brakes
Design Goals
● Adjustable Seat
● 5 different positions of variability
● Top Speed of 20 mph
● Braking Time of 3 seconds from 15 to 0 mph







● Designed for strength
● T6061-T6 Aluminum
● Middle ground for price and strength
● Protects rider in accidents
● Creates potential for storage space
 
H-4 
Finite Element Analysis cont.
● Backseat support
● Tested with and without the support piece for a 150 lb load
Support 
piece
Finite Element Analysis: Results
● Rollover Protection System
● For the top load
● Resulting max stress: 8.21 ksi
● Resulting max deflection: 0.0006 in
● For the side load
● Resulting max stress: 7.41 ksi
● Resulting max deflection: 0.0006 in
Finite Element Analysis: Results
● Frame
● Resulting max stress: 11.24 ksi
● Resulting max deflection: 0.0008 in
Finite Element Analysis: Results
● Back seat support piece
● Without support:
● Maximum stress: 51.19 ksi
● Deflection: .004 in
● With support:
● Maximum stress: 30.23 ksi
● Deflection: .002 in
Testing Going Forward
● Have yet to road test the vehicle
● Speed (max/comfortable)
● Acceleration 
● Time to stop from max speed
● Have yet to strength test the vehicle
● Testing is scheduled for next week
Project timeline
Sept Oct Nov JanDec Feb Mar April May
Design phase Manufacturing 















School of Engineering $2000
Frame Raw Materials $(346.51)
Steering Raw Materials $(144.77)






● Three plans under consideration based on time, 1 year, 2 years or 5 years
● All years have added labor cost for parts manufacturing and assembly
● Welding manufacturing is decreased due to optimization and mass production
● Increased number of years decreases materials and parts cost
● All units are sold according to plan
● Organizational fees not accounted for
athomeincarlsbad.com
Financial Business Plan
Model/Time Cost to build Retail Price Profit/year
Prototype $2,750 N/A N/A
1 year (250 units) $3,960 $4,500 $133,790
2 years (750 units) $3,570 $4,000 $161,860
5 years (2500 units) $3,170 $3,500 $164,060
Challenges Overcome
● Manufacturing Errors
● Fixed on prototype 
● Redesigned to prevent same problem in future
● Manufacturing Delays
● Sped up assembly process to compensate
● Fixed unforeseen flaws in our design
What We Learned
● Learned how to use the Design Process more effectively 
● Gained experience working in a team environment
● Familiarized ourselves with many aspects of 
manufacturing
● Learned how to communicate ideas effectively 
Conclusion
● Successfully created a human powered vehicle that is
● Safe for the rider
● Environmentally better than cars
● Still needs to undergo testing
● Have developed plans to overcome design problems in prototype





● Calvin Tszeng, Faculty Advisor
● Don McCubbin, Machine Shop Advisor
● Gorilla Metals
● Chavez Welding
Questions?
